Kachin State, mostly located in the northernmost part, is one of the seven States of the Union of Myanmar. It extends between China to the east and India to the west, and comprises an area of 34,379.22 square miles. Kachin State is part of the eastern edge of the Himalayan Range and it is continuous with the Yunnan escarpment, composing the Tibet-Myanmar frontier mountain ranges. The climate usually comprises three seasons: the hot summer, the rainy monsoon, and the cold winter. Climatic conditions vary considerably from warm to humid in the lowlands, and to extremely cold in the highlands; mountains in the far north are snowcapped. More than half of Kachin State is covered by several types of forests where thousands of different plant species grow. Extensive forests, ranging from tropical monsoon evergreen to alpine trees, also cover the northern part of the state. The rich variety of plants and animal life reflects the geographical location of Kachin State, as well as its varied topography and climate. The local population, formed of eleven ethnic minorities, has a long history of traditional plant uses for medicinal purposes, although this rich indigenous knowledge is not adequately documented. Documentation of plants used as traditional medicines is, indeed, very important to preserve this knowledge and for using plants in a sustainable manner.
The objectives of the present study are: (i) to document the traditional uses of the most important plants in Kachin State; (ii) to describe the characteristic chemical constituents; (iii) to compare the medicinal uses of plants in Kachin State with those reported in the literature; (iv) to report the published biological and pharmacological evidence corroborating or disclaiming the medicinal uses.
A total of 25 medicinal plants are reported in this study. In Table 1 , the data are presented in the following sequence: botanical name/family, part(s) of the plant used, information on traditional medicinal uses in Kachin State, and reported biological/ pharmacological activities. For each plant listed in Table 1 , a brief description of the traditional medicinal uses in Kachin State is given. In addition, phytochemical and biological/pharmacological data are described, if appropriate references have been found. Finally, on the basis of the collected documentation, the presence of some scientific evidence supporting the traditional uses of the plant is discussed. 5,6,7,5'-tetramethoxyflavone, 5,6,7,3',4',5'-hexamethoxyflavone, 5,6,7,3',4'-pentamethoxyflavone, 3 ',4'-methylenedioxy5,7,5'-trimethoxy-flavone, 5,7,3',4',5'-pentamethoxyflavone, 5,7,3',4'-tetramethoxyflavone, gallic acid, friedelin, 4-methylisoliquiritigenin, strobopinin (2) , syringic acid, d-catechin [7] and bauhinin (3) [8] . Lin studied the inhibitory effects of flavones from B. championii on cadiocyte apoptosis induced by H 2 O 2 [9] . According to Zhou, a pharmacodynamic test on B. championii showed that 5,7,3',4',5'-pentamethoxyflavone has good effects on inhibiting pain and inflammation [10] . Another important study was conducted on the anti-rheumatoid arthritis activity of B. championii [11] . The traditional uses of the plant for bone healing and against joint pain have thus scientific evidence. Goniothalamus cheliensis Hu: G. cheliensis is a medium-sized plant belonging to the family Annonaceae. It is widely distributed in Kachin State. Natives and traditional healers have a deep knowledge about the medicinal properties of this plant. The stems are used for the treatment of liver cancer, lung carcinoma and chronic cough. The leaves of G. cheliensis are reported to contain goniodilactone, gonioheptenolactone [12] , (+)-isoaltholactone, goniodiol-7-monoacetate, leiocarpin A, goniodiol, pinocembrin, daucosterol, stigmasterol [13] , aquilegidine, varilactam, liriodenine, aristololactam AII, 4,5-dioxodehydroasmilobine and aristololactam AIIIa [14] . 7-Acetyl-digoniodiol, cheliensisaminone [15] , acetylgoniofupyrone A, protocatechuic acid, pinocembrin, pinoresinol, goniodiol, 8-epi-goniotriol, cardiobutanolide [16] , isogoniopypyrone (4), 8-acetyl-9-deoxygoniopypyrone (5) [17] , goniolactones A (6), B-F [18] , gonioquinone (7), and goniofufurone acetonide (8) [19] have been isolated from the roots. Further studies on the plant have showed that it also contained 8-epi-goniofufurone, (+)-cheliensin A, and (+)-cheliensin B [20] . Jiang reported that the root barks of G. cheliensis also contained goniolactones G-I [21] and (3S)-2-oxo-5,12-dimethoxy-3-hydroxy-3-methylbenz[f]indoline [22] . 8-hydroxy-7-phenyl-2,6-dioxybicyclo[3.3.1]nonan-3-one, 10-amino-3,8-dimethoxy-4-hydroxyphenanthrene-1-carboxylic acid lactam, 10-amino-4,8-dihydroxy-3-methoxyphenanthrene-1-carboxylic acid lactam (9), β-sitosterol, β-sitosterol-3-O-β-Dglucopyranoside [23] , palmitic acid, 5,6-2H-6-styryl-2-pyrone, (5R,6S,7R,8R)-7-hydroxy-8-phenyltetrahydrofuro [3,2b] pyran-2-one, cheliensisamine [24] , 5,7-dihydroxyflavanone, 5,6-2H-6-styryl-pyran-2-one, (5R,6S,7R,8R)-7-hydroxy-8-phenyltetrahydrofuro[3,2-b]pyran-2-one, and (6R,7R,8R)-6-(7,8-dihydroxyphenylethyl)-5,6-2H-2-pyrone [25] . Li isolated goniothalamicin, cheliensisin B and cheliensisin C from the stems of the same plant [26] . Cheliensisin A (10) showed a significant high antitumor activity both in vivo and in vitro, suggesting a potential application in tumor chemotherapy [27] [28] [29] . The traditional use of the plant as an antitumor remedy is thus supported by some scientific evidence. Juglans regia L.: J. regia is a large, deciduous tree attaining a height of 25-35 m and having a trunk up to 2 m in diameter, usually with a short trunk and a broad crown, though taller and narrower in dense forest competition. The oil extracted from kernels of J. regia is used in Kachin State to heal facial palsy and neurogenic pain. Kernels are also used as a lung and kidney tonic, and for the treatment of cold and cough. According to Slatnar et al, the kernel contains glansreginin A and glansreginin B [30] . The leaves have been reported to contain apigenin (11), myricetin, quercetin, kaempferol, quercetin-3-O-arabinoside (12), quercetin-3-O-xyloside (13), quercetin-3-O-galactoside, quercetin-3-O-rhamnoside (14) , and kaempferol-O-pentoside [31] [32] . The pericarp of J. regia is reported to contain five α-tetralone derivatives, five phenolic acids, two phenylpropanoids, one diarylheptanoid, one sesquiterpene, and two α-tetralone dimers [33] . Biological activities of J. regia include antioxidant properties [34] , antitumor effects and immune regulation activity [35] ; however, further biological investigations are needed to confirm the traditional uses.
Houttuynia cordata Thunberg:
The height of this herbaceous perennial plant, belonging to the family Saururaceae, is between 20 and 80 cm. The proximal part of the stem is trailing and produces adventitious roots, while the distal part of the stem grows vertically. The people in Kachin State use the whole plant of H. cordata as a lung tonic, antipyretic, and antiinflammatory remedy. It is also used for relieving nephritis and cough. According to Chen, the ethanolic extract of H. cordata contained cepharanone B (15), piperolactam A (16), aristololactam AII, 4,5-dioxodehydroasimilobine, norcepharadione B (17), cepharadione B, aurantiamide benzoate, aurantiamide acetate, Ntransferuloyltyramine, aurantiamide and N-phenethylbenzamide [36] . Quercitrin, afzelin, isoquercitrin, and quercetin were also reported in the same study [37] . Three other flavonoids, rutin, hyperin and quercitrin were isolated from H. cordata by Peng et al. [38] . Reported biological activities of the extracts of H. cordata include antiatherogenic, antioxidative [39] , antihyperglycemic [40] , anti-dengue [41] , anti-neuroinflammatory [42] , antioxidant [43] and antimicrobial properties [44] . Thus, the traditional antiinflammatory effect of H. cordata has been supported scientifically; however, scientific evidence for other traditional uses has not yet been found. It seems that H. cordata has the potential for being selected for further clinical studies. (18), 5-hydroxymethyl-2-furancarboxaldehyde, acetyloleanolic acid, benzoic acid, ergosta-7,22-dien-3-one, β-sitosterol, borreriagenin, cerevisterol, cveratroylglycol, methyl-2-O-β-glucopyranosyl benzoate, 3',7-dihydroxy-4'-methoxyisoflavone, umbelliferone (19) , caffeic acid methyl ester, oleanolic acid, (-)-chicanine, dillapiole, 3β,5α,9α-trihydroxyergosta-7-22-dien-6-one, 2α-hydroxy-oleanolic acid, betulinic acid, betulin, 3,3'bisdemethylpinoresinol and lupeol [45] . No report about the biological activity of this plant has been found in the literature. Therefore, it is impossible to confirm any traditional use of O. fragrans. Pothos chinensis (Raf) Merr: The plant is a liana, reaching a height of 10 m. It is medicinally used for gastric ulcer and heart diseases. The leaves and twigs are also used topically to cure stress fractures. Qin et al. reported that P. chinensis contained an essential oil [46] ; however, biological and other phytochemical studies to corroborate the medicinal uses of the plant are still missing.
Tabemaemontana coronaria (Jacq.) Willd: This is a spreading, bushy, many-branched shrub with elliptic-oblong, wavy-margined, thin, glossy, mid-to dark green leaves, paler underneath. The leaves and stems are widely used to treat tachycardia and cholangitis. According to Karawya et al., the flowers, leaves and stems of T. coronaria contain the alkaloids tabernaemontanine (20) , dregamine, vobasine, voacamine (21) and voacangine (22) [47] . The leaves of T. coronaria have also been reported to contain coronaridine (23), voacristine, dregamine, α-amyrin, lupeol and their corresponding acetates, and sitosterol [48] . The leaf extracts of T. coronaria have showed anthelmintic [49] and antioxidant activities in vitro [50] . According to Rajasekhar et al., the latex of T. coronaria possesses local anesthetic activity [51] . No scientific studies have proved that the plant is effective in the treatment of tachycardia and cholangitis. Therefore, further scientific investigations are needed to confirm the traditional uses of this plant. Eryngium foetidum L.: E. foetidum (family Apiaceae) is a tropical perennial and annual herb. It is widely used for food garnishing, marinating, flavoring and seasoning. The plant is used in Kachin State as an antidote and anti-inflammatory remedy. The whole plant is also used to treat runny nose, gastro-intestinal diseases and bone fractures. It is an aromatic herb containing 0.1-0.95% of essential oil. E. foetidum has been reported to contain lauryl alcohol, 2-dodecenoic acid, lauric acid, cis-7-tetradecenal, dodecyl aldehyde, peach aldehyde [52] [57] , (E)-anethole (25) , (E)-β-farnesene (26), α-pinene [58] , and 2-formyl-1,1,5-trimethylcyclohexa-2,4-dien-6-ol [59] . E. foetidum has been studied for its biological effects, including anthelmintic, antiinflammatory, analgesic, anticonvulsant, anticlastogenic, anticarcinogenic, antidiabetic and antibacterial activity [60] . The anti-inflammatory effect of E. foetidum has been supported scientifically. Chloranthus spicatus (Thunberg) Makino: The shrubs reach a height of 30 to 60 cm. The whole plant is used in Kachin State for treating osteoarthritis, ache and pain. Liu et al. detected the presence of chloranthalactone A [61] . Further studies on the roots showed that C. spicatus contains spicachlorantins G-J, chloramultilide A, shizukaol B, shizukaol D, shizukaol F, shizukaol P, chlorahololide D, cycloshizukaol A [62] , four eudesmane-type sesquiterpenoids, one labdane-type diterpenoid [63] and spicachlorantins A-F [64, 65] . The aerial parts are also reported to contain (Z)-1β,4β-dihydroxy-5α,8β(H)-eudesm-7(11)-en-8,12-olide, (Z)-1β,4α-dihydroxy-5α,8β(H)-eudesm-7(11)-en-8,12-olide, homalomenol A, oplodiol, 5α,7α(H)-6,8-cycloeudesma-1β,4β-diol, oplopanone, 4β,10α-dihydroxyaromadendrane and spathulenol [66] . According to Xu et al., the whole plant also contains chloramultilides B-D [67] and chlospicates A (27) , B (28), C (29), D (30) , and E (31) [68] . The flowers of C. spicatus have been reported to contain (E)-ocimene, 3,6-dimethyl-4,5-diethyl-3,5-octadiene, 1-(1,4-dimethyl-3-cyclohexen-1-yl)-ethanone, 2,6-dimethyl-2,4,6-octatriene, germacrene B, (Z)-ocimene, germacrene D, 3-carene, cadinol [69] , chloranthalactone A, isogermafurenolide, eudesma-4 (15),7(11),9-trien-12-olide, 7α-hydroxyeudesm-4-en-6-one, (Z)-β-ocimene, allo-aromadendrene, sarisane (2-allyl-4,5-methylenedioxyanisol), selina-4(15),7(11)-diene [70] , 4-hydroxy-β-ionone, methyl jasmonate, methyl epijasmonate [71] , cis-methyl jasmonate, cis-β-ocimene and β-pinene [72] . The biological activities of the plant have not yet been determined; however, it appears that C. spicatus has a valuable potential for being submitted to pharmacological studies. Peperomia pellucida (L.) Kunth: P. pellucida is an annual, shallow-rooted herb, usually growing to a height of about 15 to 45 cm. It is characterized by succulent stems, shiny, heart-shaped, fleshy leaves and tiny, dot-like seeds attached to several fruiting spikes. It has a mustard-like odor when crushed. The whole plant is used for treating back pain, knee pain, bone fractures, and osteoarthritis. The plant contains vitexin (32) [73] , dillapiole (33) [74] , patuloside A [75] , peperomins A, B, C, and E, 7,8-trans [76] , trans-caryophyllene [77] , 5-hydroxy-3,6,7,4-tetramethoxyflavone 8-O-glucosyl-(1→2)-rhamnoside [78] , apigenin, acacetin, isovitexin (32) and pellucidatin [79] . The roots of P. pellucida are reported to contain dillapiole (33), pachypophyllin and aurantiamide acetate [80] , while the aerial parts contain pellucidin A (34) and dillapiole (33) [81] . The leaf extract of P. pellucida shows different biological effects, including gastroprotective [74] , anticancer, antimicrobial, antioxidant [82] , and antifungal activity [80] . Ngueguim et al. reported that the ethanol extract of P. pellucida promotes fracture healing by an anabolic effect on osteoblasts [83] . Therefore, the traditional uses of the plant for bone healing and osteoarthritis treatment have some scientific evidence.
Zanthoxylum armatum DC.:
The fruits of Z. armatum are used for treating nerve and lung diseases, as an anti-pyretic remedy, and to promote digestion. The presence of undecanone, linalool, 2-tridecanene and 1,8-cineole was determined in the essential oil [84] . Further studies on the stems showed that Z. armatum contains β-sitosterol, lupeol, β-sitosterol glucoside [85] , sesamin, kobusin (35), 4'-O-demethyl magnolin [86] , hydroxyanthraquinone, salicylic acid, and methyl salicylate [87] . Other researchers found that Z. armatum methyl-2,6,7-trimethoxy-8(3-methyl-2-butenyl) carbazole-3-carboxylate, cisamin, methyl pirpirtol, fargesin, dictamine (36) [88], 1-methoxy-2-methyl-3,6-dihydroxy anthraquinone [89] and armatumin [90] . Moreover, the antioxidant, antidiabetic, antimicrobial [91] , anti-nociceptive, anti-inflammatory [92] , and hepatoprotective activities [93] of Z. armatum have been established; however, further pharmacological studies are needed to prove the traditional uses of the plant. Polygonum fagopyrum L.: P. fagopyrum (family Polygonaceae) is an annual Asian plant with clusters of small-pinkish white flowers and small edible triangular seeds which are used either entire or ground to flour. The stems, leaves and seeds have successfully been used to treat gastro-intestinal diseases and to promote digestion. There are no chemical and biological data that can confirm the biological activity of the plant. Thus the plant seems to be interesting for chemical and biological studies.
Cymbidium floribundum Lindl.: C. floribundum is a species of orchid, known as the golden leaf-edge orchid or golden-edged orchid. The leaves and roots are used for curing cough, epilepsy, recent injury and abdominal pain. It has also been used against toxic effects. According to Sagahara et al., C. floribundum contains a mixture of 3-hydroxyoctanoic acid (37) and 10-hydroxy-(E)-2-decenoic acid (38) [94] . Since studies about the biological properties of the plant are still lacking, it is not possible to support the traditional uses of the plant by scientific evidence. [97] , -carene, thujone, α-terpineol,and 4-terpinenol [98] . According to Tsuge et al., the seeds contain methylcholest-4-ene-3,6-dione, stigmasta-4,22-diene-3,6-dione and stigmast-4-ene-3,6-dione [99] . The presence of eucalyptol, α-caryophyllene, β-pinene, α-pinene, α-cubebene and o-cymene has [101] . The biological activity of the plant is relatively little studied, so it might be interesting to investigate it more accurately. [105], 12,13-dihydro-8-oxo-berberine, oxyberberine and tetrahydroberberine [106] . On the other hand, Datta and Selvaraja isolated berlambine, noroxyhydrastinine, dihydroberlambine [107] , berberrubine, thalifendine, N,Ndimethyllindcarpine and protoberberine from the stems and roots of C. fenestratum [108] . Pharmacological investigations have demonstrated that the stem extract of C. fenestratum showed antidiabetic [109] , antioxidant [110] , antibacterial [111] , and antiinflammatory activity [112] . According to Tungpradit et al., berberine, the effective compound isolated from C. fenestratum, appears to possess potential anticancer application [113] . The traditional use of the plant as an anti-inflammatory remedy has been corroborated scientifically; however, other traditional uses still have no scientific evidence.
Solanum nigrum L.:
S. nigrum is a bushy annual or short-lived perennial herb, growing to a height of 80 cm. The whole plant is used as an antipyretic, digestive, and anti-flatulent remedy, and against heart and lung diseases. Shen found that α-solanine from S. nigrum inhibits invasion of human prostate cancer cells by suppressing epithelial-mesenchymal transition and MMPs expression [114] . Aburjai et al. established the presence of umbellulone (48) , (5Z, 9E)-farnesyl acetone, methyl salicylate, myrtenal (49) , (E)-β-ionone and methyl eudesmate from the fruits and leaves of S. nigrum [115] . Teng et al. reported that the EtOAc extract of S. nigrum had the highest superoxide radical scavenging activity [116] . It appears that the biological activity of S. nigrum deserves to be further investigated. [120] , gnetifolin A (52) [121] , gnetifolin B-E [122] , gnetifolin F (53) [123] and gnetifolin K [124] . Wang found syringaresinol, lehmbachol D, homoeriodictyol, vanillic acid, gnetuhainine E, shegansu B, isorhapontigenin, gnetol, isorhapontigenin-3-O-β-D-glucopyranoside [125] and racemic demethylcoclaurine hydrochloride [126] in the stems of G. parvifolium. According to Piao et al., 4, 5, 4 '-tetrahydroxystilbene from G. parvifolium exhibited the most potent anti-HIV-1 activity [117] . G. parvifolium has also been studied for its antiasthmatic effect [126] . The biological activity of the plant is relatively little studied, and the traditional uses of the plant still lack scientific evidence.
Desmodium triquetum DC.:
The leaves, roots, barks and fruits of D. triquetum are used in Kachin State to heal lung, urinary, and gynecological diseases. They are also used as an analgesic remedy. Friedelin, epifriedelinol, and stigmasterol have been isolated from D. triquetum by Yang et al. [127] . D. triquetum has been reported to encompass activities like anti-inflammatory and in vitro antioxidant effects [128] . There are only few chemical and biological studies of this plant; therefore, its medicinal efficacy has to be confirmed. 
Begonia augustinec Hemsl:
The whole plant is used in Kachin State to stimulate appetite and to promote digestion. No reference has been found in the literature; therefore, the plant seems to be interesting for chemical and biological studies.
Mappianthus iodoides Hand. Mazz.:
The stems and twigs of this plant are used for bone healing, numbness and pain, and as an analgesic remedy. The compounds present in M. iodoides include taraxerone, taraxerol, (24R)-stigmast-4-ene-3-one, (24R)-stigmast-4-ene-3,6-dione, β-sitosterol glycoside, loganoside, depressine, bisiridoid, secoxyloganin, desoxycordifoline, quinovic acid [129] , sinomenine, vanillin, chrysin, vanillic acid, quercetin, gallic acid [130] and (-)-cedrol [131] . The stems contain mappiodines A-C, mappiodosides A-G [132] , mappine A (56), and mapposidic acid (57) [133] . In biological studies performed on M. iodoides cytotoxic [133] and antioxidant activity [134] were determined; however, the traditional uses of the plant still need to be supported by scientific evidence. [135] and baogongten B and C [136] . Further studies on the roots and stems showed that E. obtusifolia also contained 4-O-caffeoyl-3-Osinapoylquinic acid methyl ester, (58), scopolin, cleomiscosin A (59) and B (60) [138] , and baogongteng A (61) [139] . According to Pan et al. and Zhu et al., scopoletin (58) showed anti-arthritic [140] and antiinflammatory effects [141] , corroborating the traditional uses of the plant. 
Traditional medicinal plants from
jasmonates (64), quercetin glycosides, rutin, quercetin-7-O-glucose, quercetin-3-O-glucose, quercetin-3-O-glucose-(6→1)-xylose, quercetin-3-O-glucuronic acid, oleanolic acid glycoside [144] , 2-hydroxy-3-(phenylaminocarbonyl)-naphthalene-1-azobenzene, chrysophanol (65), 2,6-dimethoxy-p-benzoquinone, n-hexadecanoic acid, stearic acid, n-hexacosanoic acid, stigmasta-4,22-dien-3-one, 3β-hydroxystigmasta-5,22-dien-7-one, β-sitosterol [145] , 12α,13-dihydroxyolean-3-oxo-28-oic acid and oleanonic acid [146] . According to Cui et [148] . There is no biological activity reported in the literature that scientifically supports the traditional uses of the plant.
Holarrhena antidysenterica Wall.: This is a small shrub or deciduous tree, up to 13 m in height, exuding a milky latex. It belongs to the family Apocynaceae. The roots, barks and seeds are widely used in Kachin State as an analgesic and anti-inflammatory remedy, and for treating various diseases, in particular dysentery and cancer. The seeds have been reported to contain conessine, isoconessimine, conessimine, conarrhimine, conimine [149] , holarrhenosterol, β-sitosterol [150] , antidysentericine [151] , holarricine [152] and 9-D-hydroxy-cis-12-octadecenoic acid [153] . Investigations of the stem barks of the plant revealed the presence of holadysenterine, conessine, isoconessimine, kurchessine [154] , holarrifine-24-ol [155] , holamide, pubescinine, norconessine [156] , holarrifine (66) [157] , regholarrhenine A (67), B (68), and C (69) [158] , holacine [159] , 5,20(29)-lupadien-3β-ol (70) and sitosta-5,23-dien-3β-ol (71) [160] . Studies of the contents of the leaves revealed the presence of holarrhenol [161] , kurchilidine, kuchamide, regholarrhenine [162] , holarosine B, holantosines E and F, Dholacosamine [163] , holantosines C and D, holarosine A, Lholantosamine [164] , holantosine A and B [165] . Other researchers reported that the constituents of H.antidysenterica include regholarrhenine D (72), E (73), F (74), kurcholessine, conessine, conessimine, isoconessimine [166] , conessidine, conkurchine, kurchicine, holarrhenine [167] , dihydroisoconessimine and 3α-amino-conan-5-ene [168] .
According to Rej et al., the root bark of H. antidysenterica contains holacetine [169] . Reported biological properties of H. antidysenterica include cytotoxic effects against human cell lines [170] , antibacterial [171] , anti-malarial [172] , antioxidant, antihyperglycemic [173] , and antidiarrheal activities [174] . In other studies, analgesic, anti-amoebic, anti-inflammatory, antihemorrhoidal, anti-diabetic, antiurolithic, anti-mutagenic properties, CNS-stimulating effects, angiotensin-converting-enzyme and acetylcholinesterase inhibitory activity have been proved [175] 
